ABSTRACT -The growth and biomass allocation responses of the tropical forage grasses Brachiaria brizantha cv. Marandu and B. humidicola were compared for plants grown outdoors, in pots, in full sunlight and those shaded to 30% of full sunlight over a 30-day period. The objective was to evaluate the acclimation capacity of these species to low light. Both species were able to quickly develop phenotypic adjustments in response to low light. Specific leaf area and leaf area ratio were higher for low-light plants during the entire experimental period. Low-light plants allocated significantly less biomass to root and more to leaf tissue than high-light plants. However, the biomass allocation pattern to culms was different for the two species under low light: it increased in B. brizantha, but decreased in B. humidicola, probably as a reflection of the growth habits of these species. Relative growth rate and tillering were higher in high-light plants. Leaf elongation rate was significantly increased on both species under low light; however, the difference between treatments was higher in B. brizantha. These results are discussed in relation to the pasture management implications.
INTRODUCTION
Most plants have the ability to adjust their morphological and physiological characteristics in response to exposure to unfavorable light environment (Pearcy, 1999) . However, depending on their acclimation capacity, the efficiency of these adjustments can vary considerably among species. This acclimation capacity is key in determining their competitive potential in that specific environment (Gloser & Gloser, 1996; Wong & Stur, 1996; Dias-Filho, 1999; Nandal et al., 1999) .
Forage grasses in tropical pastures can be subjected to a considerable reduction in the amount of light they receive (Humphreys, 1991) . This condition is usually a consequence of the deliberate introduction of tree species, or the invasion of woody weeds in active pasture areas, the establishment of pastures in plantations, or even the diurnal or seasonal reduction in the amount of sunshine due to cloud cover. In Brazil, shading of pasture areas by plantation agriculture has the potential to become more prevalent, since tree planting is being recommended as an alternative to reclaim degraded pasture areas (Carvalho, 1998; Dias-Filho, 1998) . On the other hand, cloud cover can also greatly affect the amount of light pasture plants receive, particularly in the humid tropics. For example, in the North of Brazil (1° 28' S), a reduction of 60% in the daily mean sunshine duration, during the wet season (Dec to Apr), relative to the dry season (May to Nov), has been calculated for a three-year period.
Throughout tropical America, and particularly in Brazil, Brachiaria brizantha (Hochst. ex A. Rich.) Stapf cv. Marandu and B. humidicola (Rendle) Schweick are important forage grass species (Argel & Keller-Grein, 1996) . Both have been classified as species with a medium tolerance to shade (Shelton et al., 1987; Humphreys, 1991) . However, there is no comparative study examining the physiological and morphological responses of these species to a lowlight environment. The knowledge of these responses is critical to determine the acclimation capacity of these species to that specific environmental condition and to identify plant traits potentially important for successful competition under reduced light levels.
The aim of this study was to evaluate the acclimation capacity (phenotypic adjustment) of B. brizantha and B. humidicola to reduced light environment.
MATERIAL AND METHODS

Plant material and growing conditions
Seeds of Brachiaria brizantha cv. Marandu, and B. humidicola were germinated on sand and then planted individually in pots with 3.5 kg (dry mass) of soil (2:1; organic soil to sand). Pots were fertilized with a water soluble fertilizer solution of 48 ppm of P (K 2 HPO 4 ) and 50 ppm of N, 25 ppm of K, 10 ppm of S, 2 ppm of Zn, 1 ppm of Cu, 0.5 ppm of B and 0.2 ppm of Mo. All plants were grown outdoors, under a black polypropylene shade fabric. Light extinction by the shade fabric measured with a Li-Cor quantum sensor (Li-Cor, Inc., Lincoln, NE, USA) on a clear day was 70%. Ten days after planting, half of the pots were moved out of the shade fabric (full sun) and the other half stayed under the permanent shaded conditions. The light extinction value in the shade treatment is similar to that encountered under the canopy of most tree species in pastures in the region. Plants received ample water and were fertilized once a week with 50 mL of a water soluble fertilizer solution per pot (15:30:15; N, P 2 O 5 , K 2 O; 3.5 g L -1 ).
Growth analysis
Four harvests were made; the first harvest was on the day the treatments were imposed (ca. 18 days after germination), and the others 10, 20 and 30 days later (n = 4 per harvest and treatment). At each harvest, plant material was divided into leaf blades, culms (sheath and stem) and roots. Leaf blades were removed and their areas were measured using a leaf area meter (LI-3000, with conveyor belt assembly, LI-3050; Li-Cor, Inc., Lincoln, NE, USA). Roots were washed free of soil using a manually manipulated jet spray of water. Plant dry mass was obtained by drying the plant material at 65 o C for 48 hours. At each harvest, the specific leaf area (ratio between total leaf area per plant and total leaf dry mass per plant, SLA), leaf area ratio (ratio between total leaf area per plant and total dry mass per plant, LAR) and leaf, culm and root mass ratios (respectively, the ratio between leaf, culm, and root dry mass per plant and total dry mass per plant, LMR, CMR and RMR) were calculated. Relative growth rate (change in total dry mass per total dry mass of plant per day, RGR) was also calculated for each harvest interval. All of the above growth and biomass allocation parameters were calculated according to Hunt (1990) and the units were expressed according to Bugbee (1996) .
Leaf elongation rate
The length of a young expanding leaf blade (with the ligule not yet exposed) of a vegetative tiller of each plant was measured with a ruler at around the same time every day. Leaves being measured were marked with a plastic ring. Once the ligule was exposed, a new leaf, on the same plant, was marked and measured. Daily leaf elongation was calculated as the difference between leaf lengths of two consecutive days.
Experimental design and statistical analysis
The pots were arranged in a completely randomized design with four replications. For the leaf elongation measurements, three replications were used. Differences in biomass allocation, above ground biomass production, SLA and LAR throughout the experimental period were assessed by two-way ANOVA with treatments and evaluation dates as main effects. Differences in leaf elongation rate were assessed by three-way ANOVA with treatments, species and days as main effects. The assumption of homogeneity of variances and normality were tested for each ANOVA and, when necessary, data were log transformed. Transformed values were back transformed for presentation. Post hoc contrasts were calculated for assessing differences between treatments or within days and between treatments whenever appropriate.
Differences in RGR were tested as a treatment x time interaction in an analysis of variance with logarithmicallytransformed dry mass as dependent variable (Poorter & Lewis, 1986) . A trend analysis over time was performed to detect differences in RGR throughout the experiment. Transformed data were back transformed for presentation.
The statistical package STATISTICA for Windows release 5.5 (StatSoft, Inc., Tulsa, USA) was used for all computations of the data. Fig. 1 shows the biomass allocation patterns throughout the experimental period. For both species, shading significantly reduced biomass allocation to roots (F 1, 24 = 19.7; P<0.001), and increased biomass allocation to leaves (F 1, 24 = 35.7; P<0.001). This shift in biomass allocation, favoring aboveground structures in detriment of roots, is a common response to shade in grasses and broad leaf species (Allard et al., 1991; Kephart et al., 1992; Paez et al., 1994; Dias-Filho et al., 1996; Cruz, 1997; Dias-Filho, 1997 Hodge et al., 1997) , and it is intended to increase light harvesting capacity under low light. However, there was a differential allocation pattern to culms in response to shade -as expected, it was increased (F 1, 24 = 6.58; P<0.017) in B. brizantha, but, interestingly, it decreased (F 1, 24 = 122; P<0.001) in B. humidicola. This divergent response was probably a reflection of growth habits -erect in B. brizantha and prostrate in B. humidicola. The use of assimilates, during plant establishment, in high light B. humidicola, was mainly directed to "horizontal colonization" of ground space, which in a prostrate grass species means a preferential carbon allocation to stolons. In the erect B. brizantha, no such "horizontal colonization" exists, so, under high light, assimilates are mainly directed to roots and leaves. Under low light, increase in height (etiolation) as a light seeking strategy is expected. This would mean a proportionally higher investment in culms in the erect B. brizantha, when compared to the prostrate B. humidicola.
RESULTS AND DISCUSSION
Biomass allocation
Mean values for the entire experiment showed that shade caused a significant increase in SLA and LAR on both species (Table 1) . Under conditions of extreme shade, the preservation of high SLA and LAR is considered a key feature for growth maintenance (Gloser & Gloser, 1996; Carlen et al., 1999) because it maximizes light capture. In tropical grasses, a high SLA has been shown to improve interspecific competitive ability, but mainly in situations of relatively high soil fertility (Baruch et al., 1985) . It has also been shown, for a group of C 3 and C 4 grasses subjected to shading, that there is a significant positive correlation between SLA and in vitro organic matter digestibility and N content in leaf blades, and a negative correlation between SLA and cell-wall lignin and neutral-detergent fiber (Kephart & Buxton, 1993) . So, although forage quality has not been evaluated in the present experiment, it possibly followed a similar trend.
Growth
For each species, the ANOVA for RGR produced a significant time x treatment interaction, indicating a significant difference in the RGR between the treatments. Since most of the sum of squares treatment in each ANOVA was due to the linear component, it was concluded that the difference in RGR was maintained throughout the whole period examined (Fig. 2) .
Traits usually associated with the maximization of RGR, like a higher SLA, LAR and LMR (Poorter & Granier, 1999) were found in plants from the shade treatment, yet, RGR was significantly depressed by shade. However, shaded plants were able to maintain a positive RGR throughout the experimental period (Fig. 2) . Both species responded similarly to shading. Mean aboveground (leaves and culms) dry mass production of low-light plants was depressed by 74% (F 1, 24 =110.7; P<0.001) in B. humidicola and by 75% (F 1, 24 =118.8; P<0.001) in B. brizantha, while the relative reduction in root dry mass, caused by shade, was above 90% for both species. Development in low light also had a significant (P<0.001) negative effect on tillering, causing a mean reduction over time of 70% in B. humidicola and 67% in B. brizantha (Table 1) . Results of a field trial in which B. brizantha was sown under a plantation, at an irradiance level of 30 to 40% of full sunlight, showed that the aboveground production, five months after sowing, was reduced by 51% relative to plants at full sunlight (Carvalho et al., 1995) . Since belowground biomass is reduced under shade, and because regrowth after defoliation depends to a large extent on remobilization of reserves stored in the belowground biomass (MorvanBertrand et al., 1999; Skinner et al., 1999; Nygren et al., 2000) , it could be speculated that shaded plants would be more susceptible to stresses that cause loss of aboveground biomass, like herbivory or burning, than plants growing at full sunlight. Also, reduction in root growth might reduce the ability of a defoliated plant to regrow since both water and nutrient uptake would also be reduced. These should be considered when managing pastures of these species cultivated under low light.
Leaf elongation rate
A significant species x treatment interaction was detected for leaf elongation rate (F 2, 372 =32.6; P<0.001) (Fig. 3) . Differences between treatments, within the same species, assessed by post hoc contrasts, indicated that the mean leaf elongation for the entire Brachiaria humidicola experiment was significantly increased by shade in B. humidicola (F 1, 372 =44.2; P<0.001) and in B. brizantha (F 1, 372 =216.9; P<0.001). Although shade promoted an increment in the overall leaf elongation rate of both species, the difference between treatments was higher in B. brizantha (Fig. 3) , suggesting a relatively higher plasticity of this species to shading. B. brizantha also had mean leaf elongation rate values significantly higher (accessed by Tukey HSD test) than that of B. humidicola under both high (3.61 x 2.36 cm day -1 ) and low light (6.82 x 3.81 cm day -1 ) conditions. These can be viewed as a feature related to this species more vigorous growth rate, when compared to B. humidicola (Fig. 2) .
CONCLUSIONS
1. Both B. brizantha and B. humidicola quickly develop phenotypic adjustments as buffering mechanisms against light limitation and, as a consequence, are able to maintain growth to satisfactory levels under this condition.
2. Because on both species, allocation to root biomass, relative to aboveground biomass, is highly reduced under shade, they might become more vulnerable to stresses that depend heavily on root interference for recovery, such as drought stress, herbivore or burning.
